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here to follow the progress of such experiments further than to point
out that Voit's school demonstrated the dual function of carbohydrate
and protein and the interchangeability, to a certain extent, of these
substances.
Voit established the fact that even when the daily protein intake
is high, protein is not stored, but is, except in the growing animal,
degraded during a period of about 24 hours into urea, and other
metabolic end-products of protein metabolism, and these products are
excreted in the urine. Fats may be retained in large amounts and
deposited in the adipose tissues. Carbohydrates may likewise be stored
as glycogen in liver and muscle, after being digested and transformed
into glucose. When a need arises glycogen stores may be reconverted
into glucose, which is contributed to the blood. If carbohydrate is
ingested in excess over the requirements for energy (which may also
be derived from fats or proteins) it may be converted into fat aad
deposited as an energy reserve.
With the perfection, through the years, of chemical methods for
the analysis of foodstuffs, it appeared to students of nutrition that
natural foods consist, aside from cellulose, lignin, pentosans, waxes,
etc., of protein, carbohydrates (starch, sugars), fats, and ash constitu-
ents. Since it was found that isolated proteins contained, on an average,
about 16 per cent of nitrogen, and since direct estimation of proteins
was not possible, it became the custom of chemists to estimate the
protein content of foods by multiplying the content of nitrogen by the
factor 6.25. Generally the carbohydrate fraction was determined by
differentiation between cellulose and "nitrogen-free extract." The latter
contained the pentose sugars, which are present in notable amounts
in many vegetable foods, and are prominent constituents of straw, as
oentosans. Although it was well recognized that the mediods of food
analysis were only approximate, the results of separate determinations
of the above-named components, summed nearly enough to 100 per
cent to convince investigators that the chemist was actually estimating
all of the important constituents of foods. Hence the conclusion that
proteins, fats, carbohydrates, and certain mineral elements, were the
only nutrients which man and animals require.
With the accumulation of experimental data from animal feeding
studies, it became evident that the quality of a ration could not be
accurately predicted on the basis of its chemical composition. There-
fore, animal husbandrymen began to speak of "the specific effects of
nutrients" to account 'for the better results obtained from certain
rations when one food was included, as compared with the same
mixture with one constituent substituted by another. It was not until
about 1900 that chemical studies showed that proteins from different
sources yielded on digestion very different proportions of the then